In this paper we present latest results in the development of a process for the fabrication of a selective emitter structure on mono-and multicrystalline silicon solar cells. The process is based on an approach that was first introduced by Zerga et al. [1]. We have chosen a wet chemical route for an emitter etch back where the areas of the wafer that are intended for emitter metallization are shielded from etching by a screen printable etch barrier. The etch barrier is later removed by wet chemical etching. The process has yielded a gain in open circuit voltage of more than 1 % and a gain in short circuit current of more than 2%. The overall efficiency gain was more than 0.3%abs due to slightly lower fill factor of the cells.
INTRODUCTION
The electrical losses in the emitter of standard screen printed mono-and multicrystalline silicon solar cells have become one of the dominant factors limiting the cell performance of today's industrially produced cells. The tradeoff between a low and homogeneous specific contact resistance of the screen printed silver metallization on one side and a reduction of the saturation current in the emitter and at the surface on the other has led to the widespread use of an emitter doping profile that is characterized by a very high surface concentration, a sheet resistance of 45-60 nlSq and a junction depth of <:; 500 nm.
It can been shown that a decrease of the surface concentration and a reduction of the thickness of the dead layer has the potential of significantly reducing the losses that stem from Auger-recombination within the very highly doped regions and from SRH-recombination occurring at the surface due to a mediocre surface passivation.
We have developed a new etching technique that permits a controlled reduction of the emitter surface concentration within a relatively wide process window. The process is fully compatible with and can be easily integrated into existing large scale production lines. In our laboratories it has led to a significant increase of the solar cell performance.
CELL PROCESSING
The cell fabrication process is suitable for both mono and multicrystalline substrates. The processing sequence is shown in Fig. 1. 978-1-4244-1641-7/08/$25.00 ©2008 IEEE :~'l:\;~',,~,'~q~;,c' I;£~'~"~~,;:,;:i t;';;';f:~t~4~~~~;'INl E:"~)'·';;E_~')Xc;:c::;:l After random pyramid texturization -in future experiments an acidic texturization will be used for multicrystalline substrates -and cleaning the wafers underwent a 50 nlSq POCIa-diffusion. Then an etch barrier was screen printed onto the wafer and subsequently cured. To decrease the surface concentration of the emitter dopant the wafers were submerged in an acidic etch bath. After the etch back the barrier was removed by wet chemical etching and a PECVD SiN x antireflection coating was deposited on the front side.
Afterwards the emitter and rear side metallization were screen printed and sintered. Fig. 2 shows a schematic of the cell design.
DEVELOPMENT OF ETCH SOLUTION
In order to reach an optimal cell performance it is essential to achieve a very homogeneous etch back of the emitter to avoid a locally strong increase of the series resistance of the cell. We have tried several etch back solutions to achieve an optimal homogeneity. We have found that especially for multicrystalline substrates an aqueous solution of KOH and isopropanol does not provide a sufficient homogeneity ( In contrast an acidic etching solution from HF/HNOalH20 provides a sufficient homogeneity if adjusted appropriately. Without the need for cooling we have found that this solution allows for a much better process control than its alkaline counterpart. To optimize the etching process for batch or inline machinery it is possible to adjust the etching rate by means of concentration of the chemicals as well as the bath temperature.
978-1-4244-1641-7/08/$25.00 ©2008 IEEE To determine the saturation current density of etched back emitters passivated by a low-frequency direct plasma PECVD SiN x layer QSSPC-measurements of symmetrical samples have been carried out. Starting from an initially more heavily doped emitter (30 nlSq) the samples were subsequently etched back to 50, 100 and 150 nlSq. It can be seen that an etched back emitter shows a lower saturation current when passivated with a PECVD SiN x than the typical industrial emitter used at the University of Konstanz, even though both possess the same sheet resistance. The saturation current density of the etched back emitter is about 65 fAlcm2 lower than that of the standard emitter doping profile. PECVO The results shown in Tab. I include a sintering process optimization of the front contacts. This has lead to low fill factors in some cells negatively affecting the average fill factor. Thus, a significant gain in the average efficiency can still be expected.
Spectral response measurements (Fig. 5) show that the intemal quantum efficiency (IQE) of an etch back emitter in the short wavelength spectrum is significantly higher than that of a standard industrial emitter. Therefore the increase in Jsc can be attributed to the better blue response while the gain in Voe is caused by a lower emitter saturation current. We have shown that an etch back emitter can provide both higher open circuit voltages as well as higher short circuit current densities. While some of the gain in short current density will ultimately be lost in the module due to absorption within the glass and lamination foil the gain in open circuit voltage can be completely transferred into the module increasing its efficiency by approximately 0.2%abs. Based on the presented results we intend to further optimize the devised process in the coming months and apply it to multicrystalline as well as several ribbon silicon materials to determine the overall efficiency gain that can be reached by a selective emitter structure in conjuction with a screen printed metallization on the front side. Furthermore, we will continue working on an improved suitability for large scale production. supported with funding of the EC within the CRYSTALCLEAR project (SES6-CT-2003-S02S83) .
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